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Introduction 
 
According to the Millennium Ecosystem Assessment’s chapter “Coastal Systems” (Agardy and Alder 2005), 40% of 
the world population falls within 100 km of the coast.  Agardy and Alder report that population densities in coastal 
regions are three times those of inland regions and demographic forecasts suggest a continued rise in coastal 
populations.  These high population levels can be partially traced to the abundance of ecosystem services provided 
in the coastal zone.  While populations benefit from an abundance of services, population pressure also degrades 
existing services and leads to increased susceptibility of property and human life to natural hazards.  In the face of 
these challenges, environmental administrators on the coast must pursue agendas which reflect the difficult balance 
between private and public interests.  These decisions include maintaining economic prosperity and personal 
freedoms, protecting or enhancing the existing flow of ecosystem services to society, and mitigating potential losses 
from natural hazards. 
 
The management of coastal shorelines presents a prime example of the difficulty of achieving this balance along the 
coast.   The dynamic nature of coastal shorelines makes finding this balance prohibitive.  Most coastal regions are 
high energy environments where shorelines rarely remain static.  Coastal environmental administrators face the 
challenge of determining which strategies can be implemented in pursuit of the public interest while minimizing 
costs to private citizens.  According to Burton, Kates, and White (1993), administrators face three generic strategies 
for hazard risk reduction.  First, they can choose change, such that they accept the existing hazards and either change 
existing land uses or relocate vulnerable populations.  Second, policymakers can attempt to reduce losses by 
influencing the occurrence or the impact of an event.  Last, they can accept losses.  The acceptance of losses allows 
private citizens to cover losses or alternatively government can provide recovery assistance.  While there appears to 
be an innate bias towards loss reduction, coastal administrators often choose some combination of these strategies. 
 
Shoreline managers have a variety of tools capable of addressing these basic strategies for hazard risk reduction.  
Tools for shoreline management can generally be divided between hard stabilization methods, soft stabilization 
methods, and methods derived from policy, planning, and regulatory tools.1  Hard stabilization methods, such as 
bulkheads and breakwaters, utilize hardened, fabricated structures to stabilize shorelines.  While these structures 
may mitigate risks locally, it is often at the expense of ecosystem services provided in the surrounding areas.  
Hardened shoreline structures tend to alter shoreline processes and can lead to losses in existing habitat, thus 
negatively influencing the flow of environmental services.   Soft shoreline stabilization involves the protection or 
enhancement of shorelines using a variety of approaches targeted at both open (ex. beach renourishment) and 
sheltered (ex. vegetative plantings) coasts.  When properly implemented, soft shoreline stabilization methods can 
enhance localized ecosystem services. For example, living shorelines can provide critical habitat for coastal species 
and improve water quality via nutrient cycling.  Last, policy, planning, and regulatory approaches represent methods 
which allow managers to influence people’s behavior on the coast by determining where and how people can 
develop land as well as providing incentives or disincentives for specific types of actions.   
 
Effective shoreline management combines knowledge from practitioners as well as a variety of disciplines from the 
natural and social sciences.  While management itself is not a science, the planning and evaluation of management 
practices necessitates an understanding of relevant natural and social systems.  For this discussion, it is assumed that 
shoreline management can be divided between three primary steps: planning for management efforts, implementing 
management efforts, and evaluating the planning and implementation phases.  While natural sciences provide key 
insight into how coastal ecosystems respond to shoreline management strategies, social sciences also have an 
important role in the planning and evaluation of risk reductions strategies.  Economic analysis can play a key role in 
both the planning and evaluation phases of the management cycle, especially through the use of ex ante and ex post 
                                                 
1 A more detailed discussion of shoreline management tools can be found at the Shoreline Management Technical Assistance 
Toolbox (http://coastalmanagement.noaa.gov/shoreline.html), which is maintained by the National Oceanic and Atmospheric 
Administration’s Office of Ocean and Coastal Resource Management. 
 cost benefit analysis (CBA) by estimating the costs and benefits associated with proposed and implemented policies.  
Economic analyses provide insight into property owners’ perceptions of risk, their valuation of environmental 
amenities, and important tradeoffs property owners’ are willing to make.  
This paper focuses on the utilization of hedonic property models for assessing shoreline management strategies. 
Hedonic property models provide insight into homeowners’ perceptions of risk, their valuation of environmental 
amenities, and their response to management efforts on the coast.  By modeling transactions in housing markets, 
analysts can assess if, and to what extent, environmental, risk, and management factors impact coastal housing 
market decisions.  These transactions can reveal estimates of the costs or benefits associated with these factors.  This 
paper begins with a basic description of the hedonic property model, followed by examples of applications in the 
coastal zone.  It concludes with a discussion of ways in which these models could influence the management of 
shorelines in both planning and evaluation. 
 
Hedonic Property Models 
 
Coastal managers and policymakers need tools to adequately evaluate how the flow of services from ecosystems and 
the built environment influence the well-being of society.  These types of evaluations can be difficult to obtain 
because individuals and firms’ often lack explicit markets on which environmental amenities can be traded.  
Economists have developed a wide range of analytical methods which allow individuals and firms to either reveal or 
state their preferences for these amenities.2  Real estate markets offer one of the few explicit markets for revealing 
home owners’ preferences for non-marketed goods and services.  When individuals make purchasing decisions in 
coastal real estate markets, they inevitably purchase a bundle of attributes specific to the home, lot, and surrounding 
area.  On the coast, these attributes may include characteristics such as access to recreational opportunities, exposure 
to risk, and varying levels of environmental quality.  If we assume the existence of a competitive market, where 
numerous potential buyers have the potential to make bids on many available homes, the market prices or rents 
associated with these homes reflect the purchasers’ value for the homes’ attributes.  These home prices can also 
capitalize other relevant spatial characteristics from the surrounding area.  These spatial characteristics represent 
amenities or disamenities the buyer associates with the property.  Hedonic property models take advantage of spatial 
variability in prices and attributes to assess individuals’ preferences for housing characteristics.   
 
In the hedonic property model, the observable price of a house is estimated as a function of some combination of 
structural, neighborhood, and environmental characteristics.3  In the estimation of hedonic property models, it is 
necessary to make certain assumptions about the behavior of individuals in the market.  First, it is assumed that 
potential buyers and sellers have “well-behaved” preferences for the consumption of goods and services.4  Assuming 
potential buyers are well informed, economic theory dictates that they will make purchases which maximize their 
satisfaction (or utility) given existing constraints, such as the price of the home and their income level.  Because we 
assume competitive market conditions, an equilibrium price develops in the market.  The hedonic price function 
assumes that we know the functional form determining housing prices, such that:  
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where P represents the sales price of a unit, S represents the structural attributes, N represents neighborhood 
attributes, and E represents environmental attributes.  Equation (1) represents the equilibrium price in a market.  In 
this way, prices that individuals choose to pay are directly influenced by the “bundle” of housing attributes that they 
choose.   
 
                                                 
2 Non-market Goods refer to goods and services which lack explicit markets.  The process of measuring individuals’ economic 
value for these goods and services is called non-market valuation.   
3 Structural characteristics represent characteristics of the house itself, such as number of bedrooms, heated square-footage, etc.  
Neighborhood characteristics represent spatial characteristics of the surrounding area, such as school district, distance to city 
center, etc.  Last, the environmental characteristics represent environmental amenities which may influence housing price.  In our 
applications, this may include characteristics of the shoreline itself.  
4 In economic theory, a homebuyer’s “well-behaved” preferences for goods and services can be represented by a continuous, 
bounded multivariate function.  This manifests itself through an optimization process where a buyer will choose goods and 
services which maximize their satisfaction (or utility) given their existing budgetary constraints. 
 One benefit of the hedonic property model can be traced to the accessibility of information on housing market 
transactions, as well as the availability of data related to relevant structural, neighborhood, and environmental 
characteristics.  Empirically, equation (1) can be estimated using a variety of statistical routines, including OLS or 
maximum likelihood.  One common functional form utilizes a log-linear transformation of the housing price as its 
dependent variable.  Using this functional form, it is possible to assess the statistical relationship between the natural 
log of housing price and its structural and spatial attributes.  The true market log-linear form can be written: 
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Where, the Greek letters β and   represent model parameters.  The statistical model then provides estimates of 
these parameters.  These estimates can be interpreted as the marginal influence of each attribute on the overall price.  
The influence of each attribute can be interpreted as the marginal willingness-to-pay because it reflects the average 
buyer’s willingness-to-pay for one additional unit of an attribute.  It is important to note that hedonic property 
models do necessitate additional procedures to obtain the total value for an attribute.   See Palquist (2004) for a more 
complete description of the hedonic property model. 
 
Literature Review 
 
Economics provides a growing literature investigating ways in which data on property market transactions can be 
used to evaluate environmental policy.  From a manager’s perspective, coastal housing markets can help in the 
analysis of issues such as how these markets capitalize homeowners’ perceptions of risk, how homeowners utilize 
environmental amenities to mitigate risks, and how shoreline management policies impact home prices.   
 
If buyers are in fact well informed, their perceptions of existing risks should influence their purchasing decisions.  
Economists have successfully identified how coastal housing markets incorporate a variety of coastal risks, such as 
flood, erosion, and wind hazards.  These hazards, while not unique to coastal properties, represent significant risks 
to near shore areas.  Bin, Kruse, and Landry (2008), studied the influence of flood hazards on property values for 
Carteret County in coastal North Carolina.  In addition to data on property market transactions, they utilize data on 
National Flood Insurance Program flood zones to determine spatial variability in flood risks.  They find that, on 
average, homes in flood zones have lower sales prices by $11,598.  In addition to this average flood zone response, 
Bin, Kruse, and Landry were also able to differentiate capitalized flood risks according to flood frequency.  They 
found that, on average, homes located in the 100 year flood plain have values reduced by $12,325 and those in the 
500 year flood plain depreciate by $9,849.  From these findings, they concluded that there was little difference in the 
price differentials between flood risk and flood insurance premiums.   
 
In addition to flood risks, researchers have also investigated the market capitalization of both erosion and wind risk 
using hedonic property models.  In a study of coastal properties in Tybee Island, GA, Landry, Keeler, and Kriesel 
(2003) find that properties with close proximity to erosion hazards had negatively discounted market values by 
$9,269.  These findings were then incorporated into a larger analysis of the costs and benefits of three beach 
management strategies.  In a study of wind risks for properties in an undisclosed Gulf Coast city, Simmons, Kruse, 
and Smith (2002) found that investment in wind mitigating housing features such as storm blinds and construction 
proved to be a cost effective investments for coastal property owners.  For example, homes with storm blinds added 
more than 5% to the selling price of a home.  In fact, they found that, under modest assumptions of depreciation, the 
sale of a house covered the cost of storm blinds.  This implies buyers do in fact have knowledge of wind risks in this 
Gulf Coast city.  Simmons, Kruse, and Smith also found that the structural integrity of a home also influenced 
property decisions. 
 
In addition to home buyers’ ability to identify risks in associated with purchasing decisions, they also recognize 
environmental characteristics which provide flows of services to properties.  For coastal housing markets, 
environmental characteristics can provide risk mitigating amenities as well as other ecosystem services such as 
recreational opportunities.  One service that has garnered attention in the literature has been the impact of beach 
quality on property values.  Beaches provide recreational opportunities for homes in close proximity, but beaches 
and dunes also mitigate the impact from storm surges.  In an investigation of the influence of beach and dune quality 
on homes in Tybee Island, GA, Landry and Hindsley (2010) find that the proximity of a property to the beach plays 
an important role in how property owners value the mitigating properties of beaches.  Landry and Hindsley study the 
 influence of beach and dune width on the property values for homes 100, 200, and 300 meters from the shoreline.  
They find that homes in close proximity to the beach are willing-to-pay $421 to $487 for an additional meter of 
high-tide beach, while the average property owner is willing-to-pay $71 to $196.  Landry and Hindsley also found 
that proximity influenced dune valuations where, on average, property owners were willing to pay $52 to $132 for 
an additional meter of dune width but properties in close proximity were willing-to-pay $212 to $383 for an 
additional meter.  These findings highlight the additional mitigating benefits of these amenities for homes in close 
proximity to the shoreline. 
 
Wetlands provide a wide variety of ecosystem services to coastal homeowners.  Interestingly enough, applications of 
the hedonic property model for the valuation of wetlands reveal differences in how urban and rural property owners 
value wetlands.  In the urban setting, Mahan, Pollasky, and Adams (2000) found that houses in Oregon which were 
in closer proximity to wetlands have higher values on average.   Each additional 1000 feet increased housing values 
by $436.  This result differs from empirical findings in rural settings.  In a study of rural North Carolina properties, 
Bin and Pollasky (2005) find proximity to wetlands led to a decrease in property values.  Differences between urban 
and rural valuations of wetland services are likely tied to differences in wetland scarcity.  In urban areas, wetlands 
tend to represent a scarce land use.  In rural settings, such as Eastern North Carolina, wetlands can be found in 
greater abundance.  This leads us to conclude that homeowners in urban settings would be more likely to pay a 
premium for proximity to wetlands as compared to rural inhabitants 
 
Recent developments in the application of quasi-experiments have allowed researchers to explore the consequences 
of natural events or environmental policies with greater precision.  Quasi-experiments utilize experimental 
constructs to control for effects not related to policy.  Hallstrom and Smith (2005) utilize repeat sales data to 
investigate the influence of the near-miss of Hurricane Andrew on home owners’ perceptions of hazard risks in Lee 
County, Florida.  The near-miss of Hurricane Andrew provided purchasers a source of information related to 
potential risks associated with coastal hazards.  Hallstrom and Smith found that homes located in special flood 
hazard areas (SFHAs) capitalized this risk to a greater extent when compared with homes outside the SFHAs.  They 
found that homes in the SFHA appreciated at a rate 19 percent lower on average than non SFHA homes.  Bin, 
Landry, and Meyer (2009) utilize a quasi-experimental methodology to investigate the influence of a riparian buffer 
rule on housing prices in Eastern North Carolina.  They utilize housing transactions before and after the 
implementation of the buffer rule to test the influence of the rule on prices.  As a control, they also include houses 
not directly influenced by the rule.  Bin, Landry, and Meyer do not find a negative impact on housing prices as a 
result of the riparian buffer rule.  They conclude that while buffer restrictions are likely to have a negative impact on 
valuations, the benefits of improved water quality, aesthetics, and other services counter-balance this impact.  
 
Shoreline Management Implications 
 
As discussed previously, environmental administrators have three generic strategies for hazard risk reduction: 
choosing change, reducing losses, and/or accepting losses (Burton, Kates, and White 1993).  Consequently, 
administrators have a variety of tools available for targeting these strategies.  Loss reduction represents a common 
approach to risk reduction.  Soft and hard shoreline stabilization approaches both focus on loss reductions.  A 
variety of other policies also target loss reduction, such as building codes and setbacks.  In addition to the reduction 
of losses, policymakers and managers also utilize loss acceptance as a hazard risk reduction strategy.  For example, 
the United States federal government provides flood insurance to property owners through the National Flood 
Insurance Program.  Flood insurance allows property owners to mitigation from the risk of flood losses.  The last 
and likely least popular approach to hazard risk reduction may be choosing change.  Choosing change focuses on 
either changing land uses or relocating vulnerable populations.  This approach represents the largest infringement on 
the rights of private citizens.  As a result, applications of this strategy are certain to provide controversy.   
 
Often, environmental administrators are able to pursue multiple approaches to hazard risk reduction.  However, they 
need analyses to determine which policies to pursue and how to purse them.  Hedonic property models offer an 
excellent tool for evaluating the costs and benefits of these strategies before and after implementation.  The 
calculation of costs and benefits provides a single metric for the comparison of alternatives.     
 
In the planning stage, ex ante cost benefit analyses allow managers to assess potential actions.  For example, Landry, 
Keeler, and Kriesel (2003) combine results from a hedonic property model with information on recreational benefits 
and direct shoreline management costs in an effort to evaluate three shoreline management strategies: a status quo 
 option with nourishment and shoreline armoring (loss reduction strategy), beach nourishment without armoring (loss 
reduction strategy), and shoreline retreat (loss acceptance strategy).  They find that when shoreline management 
costs increase modestly, the nourishment option is preferred.  When shoreline management costs increase at a higher 
assumed rate, shoreline retreat becomes the optimal policy.  
 
In other planning situations, shoreline managers may be interested in gauging whether homeowners do in fact 
acknowledge the risks associated with homes found in close proximity to shorelines.  Studies using hedonic property 
models have shown that property markets do in fact capitalize risks associated with erosion (Landry, Keeler, and 
Kriesel 2003), flooding (Bin, Landry, and Kruse 2008), and wind (Simmons, Kruse, and Smith 2002).  These types 
of results can help guide strategies focused on loss acceptance.  Well informed buyers incorporate these risks into 
their market decisions.  Government can facilitate loss acceptance through the pursuance of policies which 
incentivize the purchase of insurance and by providing public education related to existing risks. 
 
In addition to analyses prior to the implementation of hazard risk reduction, hedonic property models provide 
excellent tools for ex post evaluations using quasi-experiments.  Bin, Landry, and Meyer (2009) utilize a quasi-
experimental methodology to investigate the influence of a riparian buffer rule on housing prices in Eastern North 
Carolina.  In their study, they do not find a significant depreciation in value associated with the policy.  These types 
of methods provide key insight into the effectiveness of policies and the economic consequences of policies for 
private citizens. 
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